AFRL-OSR-VA-TR- 2015- 0221 


New  Meta  Nanomaterials  Extension  II  of  Optical  Enhancement  and  Photorefractive 
Two-Beam  Coupling  -  Synthesis  and  Fabrication  of  Quantum  Dot  NLO  Polymer 
Composites 


Ronald  Zolo 
CIQA 


07/09/2015 
Final  Report 


DISTRIBUTION  A:  Distribution  approved  for  public  lelease. 


Air  Force  Research  Laboratory 
AF  Office  Of  Scientific  Research  (AFOSR)/  IOS 
Arlington,  Virginia  22203 
Air  Force  Materiel  Command 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No.  0704-0188 


The  public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information,  including 
suggestions  for  reducing  the  burden,  to  the  Department  of  Defense,  Executive  Service  Directorate  (0704-0188).  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no 
person  shall  be  subject  to  any  penalty  for  failing  to  comply  with  a  collection  of  information  if  it  does  not  display  a  currently  valid  OMB  control  number. 

PLEASE  DO  NOT  RETURN  YOUR  FORM  TO  THE  ABOVE  ORGANIZATION. 


1.  REPORT  DATE  (DD-MM-YYYY)  2.  REPORT  TYPE 

04-07-2015  Final 


4.  TITLE  AND  SUBTITLE 

New  Meta  Nanomaterials  Extension  II  of  Optical  Enhancement  and  Photorefractive 
Two-Beam  Coupling  -  Synthesis  and  Fabrication  of  Quantum  Dot  NLO  Polymer 
Composites 


3.  DATES  COVERED  (From  -  To) 

01-08-2013  -  01-02-2015 


5a.  CONTRACT  NUMBER 


5b.  GRANT  NUMBER 

FA9550-13-1-0171 


5c.  PROGRAM  ELEMENT  NUMBER 


6.  AUTHOR(S) 

Ronald  Ziolo,  Ivan  Moggio,  Eduardo  Arias 


5d.  PROJECT  NUMBER 


5e.  TASK  NUMBER 


5f.  WORK  UNIT  NUMBER 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Centro  de  Investigation  en  Quimica  Aplicada  (CIQA) 

Blvd.  Enrique  Reyna,  No.  140 
Saltillo,  Coahuila,  Mexico  25294 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

Southern  Office  of  Aerospace  Research  and  Development  (SOARD) 

Air  Force  Office  of  Scientific  Research  (AFOSR) 

875  N.  Randolph,  Ste  325,  Arlington,  Virginia  22203 


10.  SPONSOR/MONITOR'S  ACRONYM(S) 


1 1 .  SPONSOR/MONITOR'S  REPORT 
NUMBER(S) 


12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release 


14.  ABSTRACT 

Composites  of  CdS  quantum  dots  and  a  new  conjugated  polymer  were  prepared  by  reacting  CdS  capped  with  (3-mercaptopropyl)trimethoxysilane 
(MPS)  and  a  new  conjugated  copolymer  at  different  pH  (5.5.,  7  and  10)  at  50  °C  for  3  h,  under  magnetic  stirring.  Cadmium  sulfide  quantum  dots 
with  face  centered  cubic  zinc  blende  structure  and  an  average  size  of  3.02  ±  0.46  nm  (Figure  1)  were  prepared  in  the  presence  of  MPS  following  the 
procedure  of  Fang,  et  al.  The  conjugated  polymer,  a  poly(phenyleneethynylene)  copolymer  hereafter  called  pPE  (OC12-Co-BzCl  10H),  was 
synthesized  by  Sonogashira-Heck  reaction.  13C  and  29Si  SSNMR  spectroscopy  of  CdS(MPS),  the  copolymer  and  composite  was  studied  in  order  to 
investigate  the  functionalization  at  different  pH.  The  hydrolysis  of  the  methoxy  groups  of  the  silane  and  their  successive  polymerization,  induced 
by  the  presence  of  the  OH  groups  of  the  phenyleneethynylene,  gives  rise  to  superstructures  of  200-600  nm  in  diameter.  STEM  analysis  shows  the 
presence  of  CdS  clusters  inside  the  larger  particles  and  TEM  tomography  suggests  a  bilayer  vesicle  assembly.  We  note  further  that  the  tomographic 
STEM  data  and  analyses  demonstrate  that  the  3D  vesicles  formed  in  the  nanocomposites  are  stable  in  the  solid  state  under  high  vacuum  conditions. 


15.  SUBJECT  TERMS 


16.  SECURITY  CLASSIFICATION  OF: 

a.  REPORT 

b.  ABSTRACT 

c.  THIS  PAGE 

17.  LIMITATION  OF 
ABSTRACT 


18.  NUMBER  19a.  NAME  OF  RESPONSIBLE  PERSON 
OF 

PAGES  - 

19b.  TELEPHONE  NUMBER  (Include  area  code) 


DISTRIBUTION  A:  Distribution  approved  for  public  releak 


Standard  Form  298  (Rev.  8/98) 

Prescribed  by  ANSI  Std.  Z39.18 
Adobe  Professional  7.0 


INSTRUCTIONS  FOR  COMPLETING  SF  298 


1.  REPORT  DATE.  Full  publication  date,  including 
day,  month,  if  available.  Must  cite  at  least  the  year  and 
be  Year  2000  compliant,  e.g.  30-06-1998;  xx-06-1998; 
xx-xx-1998. 

2.  REPORT  TYPE.  State  the  type  of  report,  such  as 
final,  technical,  interim,  memorandum,  master's  thesis, 
progress,  quarterly,  research,  special,  group  study,  etc. 

3.  DATES  COVERED.  Indicate  the  time  during  which 
the  work  was  performed  and  the  report  was  written, 
e.g.,  Jun  1997  -  Jun  1998;  1-10  Jun  1996;  May-  Nov 
1998;  Nov  1998. 

4.  TITLE.  Enter  title  and  subtitle  with  volume  number 
and  part  number,  if  applicable.  On  classified 
documents,  enter  the  title  classification  in  parentheses. 

5a.  CONTRACT  NUMBER.  Enter  all  contract  numbers 
as  they  appear  in  the  report,  e.g.  F33615-86-C-5169. 

5b.  GRANT  NUMBER.  Enter  all  grant  numbers  as 
they  appear  in  the  report,  e.g.  AFOSR-82-1234. 

5c.  PROGRAM  ELEMENT  NUMBER.  Enter  all 
program  element  numbers  as  they  appear  in  the  report, 
e.g.  61 101  A. 

5d.  PROJECT  NUMBER.  Enter  all  project  numbers  as 
they  appear  in  the  report,  e.g.  1F665702D1257;  ILIR. 

5e.  TASK  NUMBER.  Enter  all  task  numbers  as  they 
appear  in  the  report,  e.g.  05;  RF0330201;  T4112. 

5f.  WORK  UNIT  NUMBER.  Enter  all  work  unit 
numbers  as  they  appear  in  the  report,  e.g.  001; 
AFAPL30480105. 

6.  AUTHOR(S).  Enter  name(s)  of  person(s) 
responsible  for  writing  the  report,  performing  the 
research,  or  credited  with  the  content  of  the  report.  The 
form  of  entry  is  the  last  name,  first  name,  middle  initial, 
and  additional  qualifiers  separated  by  commas,  e.g. 
Smith,  Richard,  J,  Jr. 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND 
ADDRESS(ES).  Self-explanatory. 


8.  PERFORMING  ORGANIZATION  REPORT  NUMBER. 

Enter  all  unique  alphanumeric  report  numbers  assigned  by 
the  performing  organization,  e.g.  BRL-1234; 
AFWL-TR-85-401 7-Vol-2 1  -PT-2. 

9.  SPONSORING/MONITORING  AGENCY  NAME(S) 
AND  ADDRESS(ES).  Enter  the  name  and  address  of  the 
organization(s)  financially  responsible  for  and  monitoring 
the  work. 

10.  SPONSOR/MONITOR'S  ACRONYM(S).  Enter,  if 
available,  e.g.  BRL,  ARDEC,  NADC. 

11.  SPONSOR/MONITOR'S  REPORT  NUMBER(S). 

Enter  report  number  as  assigned  by  the  sponsoring/ 
monitoring  agency,  if  available,  e.g.  BRL-TR-829;  -215. 

12.  DISTRIBUTION/AVAILABILITY  STATEMENT.  Use 

agency-mandated  availability  statements  to  indicate  the 
public  availability  or  distribution  limitations  of  the  report.  If 
additional  limitations/  restrictions  or  special  markings  are 
indicated,  follow  agency  authorization  procedures,  e.g. 
RD/FRD,  PROPIN,  ITAR,  etc.  Include  copyright 
information. 

13.  SUPPLEMENTARY  NOTES.  Enter  information  not 
included  elsewhere  such  as:  prepared  in  cooperation 
with;  translation  of;  report  supersedes;  old  edition  number, 
etc. 

14.  ABSTRACT.  A  brief  (approximately  200  words) 
factual  summary  of  the  most  significant  information. 

15.  SUBJECT  TERMS.  Key  words  or  phrases  identifying 
major  concepts  in  the  report. 

16.  SECURITY  CLASSIFICATION.  Enter  security 
classification  in  accordance  with  security  classification 
regulations,  e.g.  U,  C,  S,  etc.  If  this  form  contains 
classified  information,  stamp  classification  level  on  the  top 
and  bottom  of  this  page. 

17.  LIMITATION  OF  ABSTRACT.  This  block  must  be 
completed  to  assign  a  distribution  limitation  to  the  abstract. 
Enter  UU  (Unclassified  Unlimited)  or  SAR  (Same  as 
Report).  An  entry  in  this  block  is  necessary  if  the  abstract 
is  to  be  limited. 


DISTRIBUTION  A:  Distribution  approved  for  public  release 


Standard  Form  298  Back  (Rev.  8/98) 


Final  Report 


New  Meta  Nanomaterials  Extension  II  of  Optical 
Enhancement  and  Photorefractive  Two-Beam  Coupling  - 
Synthesis  and  Fabrication  of  Quantum  Dot  NLO  Polymer 

Composites 


Ronald  Ziolo,  Ivan  Moggio,  Eduardo  Arias 
Centro  de  Investigacion  en  Quimica  Aplicada  (CIQA) 
Blvd.  Enrique  Reyna,  No.  140 
Saltillo,  Coahuila,  Mexico  25294 
rziolo@cs.com 


AFOSR  FA9550-13-1-0171 
July  4,  2015 


DISTRIBUTION  A:  Distribution  approved  for  public  release 


Micellar  supramolecular  organization  of  composites  based  on  CdS  Quantum 
Dots  and  a  Phenyleneethynylene  copolymer 


In  search  of  novel  nanomaterials  for  optical  applications,  composites  of  CdS  quantum  dots  and  a 
new  conjugated  polymer  were  prepared  by  reacting  CdS  capped  with  (3- 
mercaptopropyljtrimethoxysilane  (MPS)  and  a  new  conjugated  copolymer  at  different  pH  (5.5.  7 
and  10)  at  50  °C  for  3  h,  under  magnetic  stirring,  Scheme  1. 
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Scheme  1.  Synthesis  of  CdS  composites. 


Cadmium  sulfide  quantum  dots  with  face  centered  cubic  zinc  blende  structure  and  an  average 
size  of  3.02  ±  0.46nm(Figure  1)  were  prepared  in  the  presence  of  MPSfollowing  the  procedure  of 
Fang,  et  al.  [1]. 
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Figure  1.  STEM  image  of  CdS(MPS)  with  (inset)  ED  pattern. 


Throughout  the  report,  we  use  the  notation  of  CdS(MPS)  to  designate  CdS  nanoparticles 
surrounded  by  MPS  molecules  but  imply  no  stoichiometric  relationship  between  the  CdS  and 
MPS  capping  molecules.  Figure  2  reports  the  C  and  Si  solid  state  nuclear  magnetic  resonance 
(SSNMR)1  results  for  CdS(MPS). 


Figure  2.13C  (left)  and  29Si  (right)  SSNMR  spectra  of  CdS(MPS)1.  Inserted  figures:  sketch  of  proposed  structures 

that  are  consistent  with  the  signals. 
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Studies  carried  out  by  Prof.  Matthew  Espe  and  his  group  at  the  Department  of  Chemistry,  University  of  Akron. 
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The  C  peaks  at  13,  24  and  28  ppm  are  assigned  to  the  methylene  carbons  in  Si-CH2-CH2-CH2- 
S(CdS)  with  the  42  ppm  peak  assigned  to  the  0-CH3  groups.  The  peaks  at  32,  38,  and  165  ppm 
are  associated  with  DMF  (b.p.  153°  C)  trapped  in  the  solid.  The  Si  spectrum  shows  an  intense 
peaks  at  -65,  which  is  assigned  to  Si(-OSi)3.  All  of  these  signals  are  consistent  with  the 
functionalization  of  CdS  with  MPS.  However,  another  intense  peak  at  -57  ppm  and  a  weak  signal 
at  -50  ppm  are  observed  in  the  Si  spectrum.  MPS  is  a  organofunctionalizedalkoxysilane 
molecule  and  as  such  is  susceptibleto  hydrolysis  and  successive  polymerization  and 
condensation  [2, 3]. Accordingly,  alternative  nanostructures  can  be  obtained  during  the  CdS(MPS) 
synthesis;  some  of  the  most  representative  and  ones  that  can  explain  the  additional  NMR 
signalsare  shown  in  Figure  3. 


Figure  3.  Possible  alternative  interactions  and  nanostructures  that  can  be  obtained  in  the  CdS(MPS)  synthesis. 
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Based  on  this  assumption,  we  attribute  the  peak  in  the  29Si  SSNMR  spectrum  at-57  ppm  to  Si(- 
0Si)20(R/H)  groups,  respectively,  where  R  =  CH3  and  the  weak  signal  at  -50  ppm  to  the 
presence  of  a  small  amount  of  Si(-0Si)0(R/H)2  groups  as  marked  in  the  inserted  sketches  of 
Figure  2.  It  is  noteworthy  that  in  the  case  of  the  CdS(MPS)  there  appears  to  be  no  interaction  that 
prevents  the  conversion  of  groups  -  Si(-OCH3)3  to  Si(0Si-)20(R/H)  or  (-OSi)3;  the  system  can 
continue  to  form  these  species  depending  on  time  and  exposure  to  a  humid  environment.  The 
CdS(MPS)  nanoparticles  were  also  characterized  by  113Cd  SSNMR1.  The  unique  peak  for  bulk 
CdS  particles  is  observed  at  ~700ppm.  The  exact  chemical  shift  depends  on  nanoparticles  size; 
the  particles  with  diameter  of  2-5nm  have  a  peak  in  the  Cd  NMR  in  the  range  of  670ppm  to 
725ppm.  The  position  of  the  signal  in  the  CdS(MPS)  spectrum  is  consistent  with  the  average 
mean  size.  However,  due  to  the  different  size  of  the  nanoparticles,  the  CdS  peak  becomes  very 
broad  which  is  very  difficult  to  observe  in  the  spectrum. 

The  conjugated  polymer,  a  poly(phenyleneethynylene)  copolymer  hereafter  called  pPE  (002- 
Co-BzCl  10H),  was  synthesized  by  Sonogashira-Heck  reactionaccording  to  Scheme  2. 
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Scheme  2.Synthetic  route  for  the  conjugated  polymer  pPE(OC12-Co-BzCl  10H). 


The  conjugated  moiety  is  responsible  for  absorption  in  the  blue  region  (423  nrn)  and  the  good 
fluorescence  quantum  yield  (37%)  while  the  long  lateral  chains  are  introduced  in  order  to  give 
solubility  in  common  organic  solvents.  Note  that  the  alternation  of  polar  benzoate  and  nonpolar 
dodecanoxy  lateral  chains  imparts  a  light  amphiphilic  character  to  the  copolymer,  which  can  be 
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dissolved  in  solvents  of  different  dielectric  constants  (toluene,  chloroform,  THF,  DMF). 
However,  is  not  soluble  in  methanol  and  acetone.  The  terminal  hydroxyl  group  of  the  benzoate 
unit  allows  the  reaction  with  CdS(MPS)  through  condensation  with  the  methoxy  groups  of  the 
silane  capping  agent  of  the  nanoparticles.  LlCand  29SiSSNMR  spectroscopy  of  the  copolymer 
(Figures  4  and  5)  was  studied1  in  order  to  investigate  the  functionalization  at  different  pH.For 
sake  of  discussion,  the  spectra  of  the  CdS(MPS)  nanoparticles  and  of  the  copolymer  are  included 
in  the  Figures  4  and  5.  The  C  NMR  spectrum  of  the  composite  at  acid  conditions  (c  line)  shows 
all  the  peaks  from  polymer  (b)  where  the  peaks  at  30ppm  and  15  ppm  are  broadened  due  to  the 
overlapping  of  peaks  from  MPS.  A  small  shoulder  can  also  be  seen  at  45ppm  due  to  the  presence 
of  O-CH3  carbon  from  MPS  as  in  the  corresponding  spectrum  (a).  The  intensity  of  the  peak  at 
63ppm  from  -CH2OH  groups  is  reduced  in  comparison  to  the  same  peak  of  the  pure  polymer  as 
a  consequence  of  the  reaction  and  a  small  shoulder  at  58  ppm  is  observed  due  to  the 
condensation  reaction  (SiOCH2  formation).  However,  the  change  in  peak  intensity  is  small 
indicating  that  only  small  fraction  of  the  alcohol  sites  reacts  with  the  nanoparticles.  Notice  that  in 
the  spectrum  of  the  product  of  the  reaction  in  basic  conditions  (d  line)  the  peak  at  58  ppm  is  not 
observed  indicating  the  no  reaction  occurs.  The  same  result  was  found  for  the  reaction  at  pH  7 
(spectrum  not  shown).  On  the  basis  of  these  results,  the  following  the  term,CdS(pPE),  will  be 
used  for  the  composite  at  pH  5.5,  where  the  covalent  functionalization  was  corroborated. 


Figure  4.Left:  13C  SSNMR  spectra  of  (a)  CdS(MPS),  (b)  pPE(OC12-Co-BzCl  10H),  (c)  composite,  pH  5.5  and 
(d)composite  at  pH  10.  Right:  magnification  of  the  region  between  75  and  55  ppm. 
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The  ~  Si  SSNMR  spectrum  (Figure  5)  confirms  the  functionalization  as  the  intensity  of  the  peak 
at  -65ppm  relative  to  that  at  -57  ppm  (previously  assigned  to  R-Si(-0Si)3  and  R-Si(- 
0Si)20(R/H),  respectively)  decreases  for  the  composite  with  respect  to  the  CdS(MPS), 
indicating  that  the  interaction  of  the  MPS  molecule  with  the  copolymer  prevents  the  conversion 
of  some  of  the  R-Si(-0Si)20(R/H)species  to  R-Si(-0Si)3  by  converting  the  Si-0-CH3  group  to  an 
Si-0CH2-R  group.  On  the  contrary,  the  spectrum  of  the  composite  obtained  at  pH  10  presents  a 
stronger  intensity  for  the  signal  associated  with  the  complete  hydrolysis  in  agreement  with  the 

IT 

C  SSNMR  spectrum.  It  is  important  to  remark  that  there  is  no  evidence  of  unreacted  MPS 
molecules  since  there  is  no  peak  at  — 40  to  -45ppm  in  both  the  CdS(MPS)  nanoparticles  and 
composite. 


8  (ppm) 

Figure  5.29Si  SSNMR  spectra  of  (a)  CdS(MPS),  (b)  composite,  pH  5.5  and  (c)  composite  at  pH  10. 

The  hydrolysis  of  the  methoxy  groups  of  the  silane  and  their  successive  polymerization,  induced 
by  the  presence  of  the  OH  groups  of  the  phenyleneethynylene,  gives  rise  to  peculiar 
superstructures  of  200-600  ntn  in  diameter.  The  diameter  of  these  structures  appears  to  depend 
on  the  pH  of  the  medium  with  the  diameters  being  larger  at  basic  pH.  STEM  analysis  (Figure  6) 
shows  the  presence  of  CdS  clusters  inside  the  larger  particles  and  TEM  tomography  reveals  that 
these  superstructures  are  transparent  and  look  ‘hollow’  as  one  might  expect  for  a  bilayer  vesicle 
assembly.  We  note  further  that  the  tomographic  STEM  data  and  analyses  demonstrate  that  the 
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3D  vesicles  formed  in  the  nanocomposites  are  stable  in  the  solid  state  under  high  vacuum 
conditions. 


Figure  6.Left:  STEM  images  of  the  composite.  Right:  magnification  of  a  superstructure 


Although  the  interaction  of  the  copolymer  and  CdS(MPS)  moieties  in  the  nanocomposite  was 
shown  to  be  through  direct  chemical  bonding,  the  nature  of  how  or  where  the  CdS(MPS) 
moieties  are  placed  or  located  in  the  polymer  composite  cannot  be  ascertained  presently, 
particularly  because  of  the  associated  structural  complexities  introduced  by  the  MPS  and  its 
hydrolysis  products  as  previously  mentioned.  It  is  noted  that  the  composite  films  may  be  planar 
as  well  as  vesicular  in  nature  as  seen  in  the  STEM  images.  In  this  context,  it  is  well  known  that 
amphiphilic  molecules  self-assemble  into  a  variety  of  structures  such  as  globular  micelles, 
ellipsoids,  discs,  cylinders,  vesicles  and  lamella,  depending  on  their  specific  molecular 
architecture,  concentration  and  solvent  environment.  The  fonnation  of  self-assembled  vesicles 
from  an  amphiphilic  o-phenyleneethynylene  macrocycle  from  aqueous  chloroform,  for  example, 
was  demonstrated  by  Seo,  et  ah,  to  give  vesicles  with  an  average  diameter  of  about  500  nm  [4]. 
Nevertheless,  neither  pPE(OC12-Co-BzCl  10H)nor  CdS(MPS)samples  prepared  in  the  same 
condition  as  those  of  the  composite  (i.e.  the  THF:DMF  mixture)  present  vesicle  fonnation.  A 
molecular  dynamics  study  carried  out  by  Dr.  Heinz  group  on  CdS  composites  with  oligomeric 
model  systems  [5]  supports  the  evidence  that  the  hydroxyl  group  of  the  phenyleneethynylenes 
tends  to  react  with  the  trimethoxysilyl  shell  of  the  nanoparticle  surface  and  this  causes  bending 
of  the  conjugated  backbone. 

The  electrochemical  analysis  (Table  1)  earned  out  with  cyclic  voltammetry  suggests  that  the 
particles  of  cadmium  sulfide  can  be  easily  oxidized  (Eox=1.1934)  and  has  the  ability  to  inject 
more  holes  (HOMO=-5.9934)  with  respect  to  the  copolymer  pPE(OC12-Co-BzCl  10H),  which, 
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by  having  the  lowest  LUMO  level,  has  the  ability  to  rather  deliver  electrons;  i.e.  the  CdS(MPS) 
can  act  as  electron  acceptor  and  pPE(OC12-Co-BzCl  1)  as  electron  donor. 


Table  1.  Electrochemical  properties  obtained  by  cyclicvoltammetry  of  CdS(MPS)  particles  in  DMF,  pPE(OC12- 

Co-BzCl  10H)  in  THF  and  the  composite  in  DMF:TF1F. 


Material 

E0X(V) 

Ered(V) 

HOMO  (eV) 

LUMO  (eV) 

Egelect(^V) 

pPE(OC12-Co-BzCl  10H) 

1.64 

-1.21 

-6.44 

-3.59 

2.85 

CdS(MPS) 

1.19 

-0.62 

-5.99 

-4.18 

1.81 

composite 

1.41 

-1.15 

-6.21 

-3.65 

2.56 

Figure  7.  Comparison  of  the  HOMO-LUMO  energy  levels  of  pPE(OC12-Co-BzCl  10H)  and  CdS(MPS). 

The  energy  diagram  related  to  the  HOMO-LUMO  levels  (Figure  7)  meets  the  required  energy 
level  relationshipsfor  photoinduced  electron  transfer  as  the  LUMO  level  of  the  electron-donor  is 
at  higher  energy  than  that  of  the  LUMO  of  the  electron-acceptor. 

Despite  this,  the  photophysical  properties  (Table  2)  of  the  composite  are  practically  identical  to 
those  of  the  polymer.  The  optical  properties  of  CdS(MPS)  are  not  affecting  the  spectrum  of  the 
composite.  Both  polymer  and  composite  absorb  at  423  nm(Figure  8);only  a  slight  baseline  is 
observed  in  the  composite  spectrum  at  wavelength  larger  than  500  mn  due  to  light  scattering 
produced  by  the  superstructures. 
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Figure  8.  UV-Vis-NIR  and  fluorescence  (inset)  ofpPE(OC12-Co-BzC110H)  (solid  lines)  and  composite  (dotted 

lines). 

Both  materials  emit  at  466  nm  (Figure  8,  inset),  with  identical  fluorescence  lifetime,!.  The 
fluorescence  quantum  yield  (c())  is  slightly  higher  for  the  composite,  contrary  to  photoinduced 
electron  transfer  that  could  be  expected  on  the  basis  of  the  electrochemical  characterization.  This 
result  can  be  explained  on  the  basis  of  the  large  distance  between  the  CdS  nanocore  and  the 
copolymer,  because  of  both  the  long  lateral  chains  and  the  micellar  superstructures.  This  is  also 
confirmed  by  the  molecular  dynamics  study.  A  further  experimental  result  that  reveals  no 
photoinduced  electron  transfer  is  the  absence  of  photogeneration  in  solar  cells  made  of  just  the 
composite. 
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Table  2.Photophysical  properties  of  the  composite  and  its  precursors:  CdS(MPS)  and  copolymer  PE(OC12-Co- 
BzCllOH) 


Material 

Solvent 

kabs 

(nm) 

kemis 

(nm) 

<l> 

(%) 

X 

(ns) 

pPE(OC12-Co-BzCl  10H) 

THF 

423 

466 

37 

0.67 

CdS(MPS) 

DMF 

360 

506 

0.18 

n.d. 

composite 

THF:DMF 

423 

465 

45 

0.62 

The  formation  of  the  superstructure  is  an  interesting  and  unexpected  result  for  materials  science, 
which  is  part  of  a  manuscript  in  preparation. 
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